Eggs from a meat-type breeder flock at 29 and 35 weeks of age were used in two trials to investigate the effects of in ovo feeding of carbohydrates (CHO) and high incubation temperature (37.5 vs. 38.5 °C (HIT)) during days 16 to 21 of incubation on hatchability traits, chick weight at hatch as an absolute value or as a percentage of egg weight (CWTP), hatching time, glycogen concentration in the liver and pectoral muscle, and glycogen index of hatched chicks. The treatments were a non-injected control, a positive control where saline was injected, or saline with a CHO mixture at 50, 100, 150, 200 and 250 mg/egg. The CHO mixture was maltose, sucrose and dextrin in a proportion of 1 : 1 : 8 by weight. As a result of this study, in ovo feeding of CHO increased CWTP without altering hatchability traits. Hatched chicks from eggs injected with 250 mg CHO/egg had a higher liver glycogen content and glycogen index than those of the control treatments. The high incubation temperature reduced chick weight, hatching time, liver glycogen and glycogen index of the hatched chicks. In ovo feeding of 100 and above mg CHO/egg overcame the negative effects of HIT. Hatched chicks from older hens had a lower concentration of liver glycogen and glycogen index than those of younger hens. It was concluded that in ovo feeding of CHO improved the weight and glycogen index of hatched chicks and those of the HIT treatment, and older hens negatively affected the glycogen index of hatched chicks.
Introduction
Avian embryogenesis is an external process. Chicken embryos are dependent on the nutrients within the egg, which provide the energy and building blocks required for the metabolic needs of the growing embryo during its normal 21-day incubation (Foye et al., 2006) . However, oxygen is the only nutrient not derived from the egg. Therefore, the nutrient composition of the egg determines the success of development and hatching of a healthy chick. Glucose is the predominant energy source during the first week of embryonic growth (Moran, 2007) , whereas a large portion of the carbohydrate glucose is utilized in the first week of incubation. Whilst fatty acids of yolk lipids are the predominant energy source during the second half of incubation (Noble & Cocchi, 1990; Sato et al., 2006) , a large mobilization of yolk nutrients into the embryo occurs during the peri-hatch period (Richards, 1991; Vieira & Moran, 1999) and is utilized during the hatching process (Sell, 1996; Uni et al., 1998; Chotinsky et al., 2001; Geyra et al., 2001) . The ability of embryos to utilize yolk nutrients is compromised by the limited availability of oxygen for aerobic metabolism until lung respiration is initiated (Moran, 2007) . Therefore embryos gradually decrease fat metabolism and increase glycogen metabolism (Moran, 2007) . Glycogen stored in the liver and muscles of embryos is the main energy source during the hatching process (Donaldson, 1995; Moran, 2007) . However, at this stage of incubation, glycogen is utilized in greater amount in order to meet the high energy demand of the hatching process, and consequently glycogen reserves in the embryo are significantly depleted at the end of incubation.
The chicken embryo is very sensitive to a deficiency of energy during the hatching process. This deficiency can result is a weak hatchling and in more sever condition can result in embryonic death. Energy supply is therefore a limiting factor for a successful exit from the egg. Improving the glycogen reserves in the embryo will provide the critical energy needed for hatching. Many attempts have been made to improve the glycogen status of the embryos at the end of the incubation period and at hatching by employing in ovo feeding (Coles et al., 1999; 2003; Ohta et al., 1999; Tako et al., 2004; Uni et al., 2005; Shafey et al., 2009; 2010) . It has been suggested that the consequent improvement in chick growth relates to the greater maturity of the gastro intestinal tract at hatch which supports higher rates of nutrient absorption.
Factors involved in the switching from aerobic to anaerobic metabolism and the altering of the balance of glycogen reserves of the embryo include temperature at the last stage of incubation. Increasing temperature at the end of the egg incubation period produced poor quality chicks, large residual of yolks, lower protein deposition in the embryo, higher utilization of glycogen and reduced hatchling development and period of incubation (Wineland et al., 2000a; Wineland & Christensen, 2001; Lourens et al., 2005; 2007; Leksrisompong et al., 2007; Molenaar et al., 2009; Piestun et al., 2009) . In addition, the uptake and secretion of lipids and proteins by the yolk sac membrane appear to be impaired in situations such as elevated temperatures or decreased oxygen levels during incubation, and that lead to high embryonic mortality (Speake & Powell, 2003; Powell et al., 2004) .
Therefore, this study explored the hypothesis that in ovo feeding may overcome the negative effects of increased temperature during the last stage of egg incubation. The effects of in ovo feeding of carbohydrates (CHO) on hatchability traits and glycogen status of hatched broiler chickens from eggs incubated under high temperature during the last stage of incubation were investigated.
Materials and Methods
A total of 800 fresh laid eggs of comparable weight produced by a flock of 29-week-old hens from a meat-type breeder (Ross, Al-Wady Company, Al-Riyadh, Saudi Arabia), were used in the first trial. Eggs were numbered, weighed individually and distributed into weight classes. Eggs were set in a Maino, forcedraft incubator (Model II, Maino Enrico, Co., Rome, Italy) and incubated at 37.5 °C and 55% relative humidity. The eggs were turned every 2 h and examined by candling at 16 d of incubation. Infertile eggs and eggs containing dead embryos were removed. After examination, 672 eggs were evenly assigned into 56 replicates of 12 eggs of equal weight per replicate. The replicates were assigned randomly into two groups of 28 replicates for the two treatments of incubation temperatures, 37.5 °C (control) and 38.5 °C (high temperature, HIT) until the end of incubation period. The control group remained in the incubator described above and the HIT group was placed in another identical incubator. The relative humidity of the incubators was set at 55%. At 17.5 days of incubation, eggs were in ovo injected with CHO. The in ovo treatments were two control treatments: non-injected (negative control, NC), and injected with 0.9% sterilised saline (positive control, PC) and five other treatments in which sterilised saline containing 50, 100, 150, 200 or 250 mg of mixed sugars was injected. The CHO mixtures were prepared by dissolving maltose, sucrose and dextrin (Sigma-Aldrich, Inc., St. Louis, MO, USA) in proportion of 1 : 1 : 8 by weight, respectively, in sterilised saline. The wide end of the eggshell was disinfected with 70% isopropyl alcohol where-upon an injection hole was pierced. The 0.5 mL of solution was injected into the yolk sac using a 25 mm x 21-G needle. After injection, the hole was sealed with melted paraffin wax and the eggs were returned to the incubators.
Eggs were transferred to separate sections in the hatching tray on the morning of d 19 of incubation, for chick identification at hatch. The hatching tray was divided into individual hatching sections using thin sheets of mesh wires. The hatching compartments of the two incubators were set at 37 °C and 38 °C for the control and HIT treatments, respectively, with a relative humidity 65% until the end of d 21 of incubation. At this time chicks, pips (unhatched eggs with live or dead chicks) and dead embryos (unhatched eggs with unbroken shell) were counted. Per cent hatchability was calculated on the basis of the number of hatched chicks as a percentage of the in ovo treated eggs per replicate. Hatching time was recorded every 12 h. Chicks were observed at 12-h intervals from 444 to 504 h of incubation and hatching weight was recorded to the nearest 0.1 g. At the end of the incubation period, six chicks were randomly selected from each experimental treatment. The weight of the chick was determined, and the liver and pectoral muscle (PM) were collected and weighed. Samples of liver and PM were frozen in liquid nitrogen immediately after collection and stored at -60 °C for glycogen determination. Samples of liver and PM (0.25 g) were added to 1 mL of 8% perchloric acid, homogenised (in ice) for 1 min, and centrifuged at 14 000 x g at 4 °C for 30 min. The supernatant was removed, and 1 ml petroleum ether (60 -80 °C) was added. After being mixed, the petroleum ether fraction was removed, and samples from the bottom layer were transferred to a new tube for glycogen determination. Glycogen was measured colorimetrically using an iodine -potassium iodide reagent (an iodine (I 2 -KI) solution containing saturated CaCl 2 ) (Dreiling et al., 1987) in a spectrophotometer set at 460 nm. The incubation trial was repeated with eggs produced at 35 weeks of age. Eggs were treated as in trial 1. A total of 728 eggs were evenly assigned to 56 replicates of 13 eggs of equal weight per replicate.
Measurements were made of hatchability traits (per cent hatchability and hatchability failures (pips with live embryos, pips with dead embryos, dead embryos)), chick weight at hatch expressed as an absolute value (CWT) or as a percentage of egg weight (CWTP), hatching period, liver and PM weights and glycogen concentration, and glycogen index of hatched chicks (mg/g) (calculated as the sum of the total liver and PM glycogen (mg) divided by body mass (g)). There were no significant differences among the in ovo treatments in the hatchability traits, and hatching period of eggs, and between the two trials in CWTP. Therefore, data from trials 1 and 2 were combined for final analysis. Data were arranged in a 7 x 2 x 2 factorial arrangement for in ovo treatment, age and trial as main effects and their two-way interactions fitted into the model. All per cent data were transformed using arc sine square root percentage transformation before analysis. All statistical analysis was performed using the Statistical Analysis System (SAS, 1985) .
Results
The effects of in ovo feeding of CHO and high temperature during the last stage of incubation on hatchability traits, and weight and glycogen status of hatched chicks are shown in Tables 1 to 3, respectively. In ovo feeding of CHO increased (P <0.01) CWTP, whilst in ovo feeding of 50, 150, 200 and 250 mg CHO/egg increased CWT when compared with those of the control treatments. In ovo feeding of 200 and 250 mg CHO/egg treatments had significantly (P <0.01) lower hatching times than that of in ovo of 50 mg CHO/egg treatment, while hatching times of the other treatments were intermediate. Chicks of the negative control treatment had a lower weight (P <0.01) at hatch (CWT and CWTP) than those of the in ovo treatments of CHO and a higher liver weight percentage of hatched chick than those of the other treatments. Hatched chicks from the positive control treatment had a significantly (P <0.01) higher liver weight percentage than those on the in ovo of 50, 100, 150 and 200 mg CHO/egg treatments. Hatched chicks from eggs injected with 250 mg CHO/egg had a higher (P <0.01) liver glycogen concentration and glycogen index than those of the control and the 50, 100 and 200 mg CHO/egg in ovo treatments. In ovo treatments of 150, 200 and 250 mg CHO/egg treatments increased (P <0.05) liver glycogen concentration and glycogen index of hatched chicks when compared with those of the control and in ovo at 50 mg CHO/egg treatments.
Increasing temperature during the last stage of incubation reduced (P <0.05) hatchability, hatching time and chick weight (CWT or CWTP), glycogen concentration in the liver (P <0.01) and glycogen index of hatched chicks (P <0.05). Older hens (Trial 2 vs. Trial 1) produced significantly (P <0.01) heavier eggs, CWT and PM glycogen concentration (P <0.05), and a lower liver glycogen concentration, and glycogen index of hatched chicks when compared with those of younger hens (P <0.01). There was significant interaction (P <0.01) between in ovo feeding of CHO and incubation temperature on CWT and CWTP, and liver glycogen concentration and glycogen index of hatched chicks (P <0.05). In ovo feeding of 100 and above mg CHO/egg alleviated the growth depression and restored liver glycogen concentration and glycogen index of hatched chicks incubated under high temperature when compared with those of the control and in ovo feeding at 50 mg CHO/egg treatments.
In ovo treatment of CHO did not significantly influence hatchability traits, hatching time and PM glycogen concentration of hatched chicks when compared with those of the control treatments. There was no significant difference between the control and the 50 mg CHO/egg in ovo treatments in PM weight percentage of the hatched chick, between the in ovo treatments of 150 and 200 mg CHO/egg treatments in any of the measurements, among in ovo treatments of CHO in CWT and CWTP, among the control and in ovo of 50 and 100 mg CHO/egg treatments in liver glycogen concentration, and glycogen index of hatched 
Discussion
Results from this study indicated that in ovo feeding of CHO improved chick hatching weight as a proportion of egg weight without any effect on hatchability traits. These results were in agreement with Tako et al. (2004) who found that in ovo feeding of 1 mL/egg of CHO (25 g of maltose/L, 25 g of sucrose/L, 200 g of dextrin/L, and 5 g of NaCl/L) or CHO plus beta-hydroxy-beta-methylbutyrate, HMB (1 g of HMB/L in 5 g of NaCl/L) at 17 days of incubation improved the weight and intestinal development of hatched chicks. Smirnov et al. (2006) concluded that the presence of CHO in the intestinal lumen of the chick embryo improved intestinal morphology and consequently nutrient absorption. Recently, Zhai et al. (2011) reported that in ovo feeding of 0.1 to 1 mL/egg of CHO (0.25 g/mL of glucose, fructose, sucrose, maltose or dextrin) at 18.5 day of incubation did not influence rate of hatch of chicken eggs but weight of hatch chicks was positively related to injection volume when expressed on an absolute value or as a proportion of egg weight. However, Uni et al. (2005) f o u n d t h a t i n o v o f e e d i n g o f C H O p l u s H M B ( 1 mL of a solution containing 25 g/L maltose, 25 g/L sucrose, 200 g/L dextrin, 1 g/L HMB and 5 g/L NaCl) increased hatchability, liver glycogen and pectoral muscle size among birds up to 25 days post-hatch. It appears that in ovo feeding of CHO influences the metabolism of the embryo. However, there are many factors that may influence the effect of in ovo feeding on the performance of hatching chicks. These include type of CHO used, strain of bird and egg size or stage of egg production (Shafey et al., 2009) . Results from the glycogen status of hatched chicks indicated that in ovo feeding of CHO increased liver glycogen concentration without any significant effect on PM glycogen. Similar findings were reported by Uni et al. (2005) . In addition, the liver had a higher glycogen concentration than that of PM. It appears that liver glycogen is more sensitive to the nutritional status of the embryo than PM glycogen and the mechanisms that regulate glycogen in the muscle are not influenced by nutritional status. Similar findings were reported by Edwards et al. (1999) and Foye et al. (2006) . Liver glycogen is the most important energy reserve to sustain embr yos during the piping and hatching stages, and it has been used to indicate energy status i n b r o i l e r a n d t u r k e y (Donaldson et al., 1991; Donaldson, 1995; Christensen et al., 1996; 2003; Uni et al., 2005) .
Increasing temperature by 1 °C during the last stage of incubation (from day 16 to day 21) reduced absolute and proportional body weight to egg weight, liver glycogen concentration, and glycogen index of hatched chicks. These findings were in agreement with Wineland et al. (2000a; , Wineland & Christensen (2001) and Molenaar et al. (2009) who reported that incubating eggs at a high temperature (38.6 vs. 37.5 °C) early or late in incubation increased utilisation of glycogen as energy source and reduced utilisation of the yolk and embryonic growth (Lourens et al., 2005; Leksrisompong et al., 2007; Molenaar et al., 2009) . Research indicates that glycogen plays an important role in response to a wide variety of stressful environments conditions (Christensen et al., 1995; Francois & Parrou, 2001; Christensen et al., 2004) . During incubation under elevated temperatures, heat stress reduces the uptake and secretion of lipids and proteins by the yolk sack membrane (Speake & Powell, 2003; Powell et al., 2004 ) and increases energy requirements of the embryo (O'Dea et al., 2004) and consequently mobilization of glycogen (Puvadolpirod & Thaxton, 2000) . The increase in glycogen mobilization may decrease glycogen availability for hatching. The deficiency of glycogen pushes the embryo to mobilize more muscle protein for gluconeogenesis (Puvadolpirod & Thaxton, 2000) , thereby reducing growth and development (Vieira & Moran, 1999) . The significant interaction between in ovo feeding of CHO and incubation temperature on CWT and CWTP, and liver glycogen concentration and glycogen index of hatched chicks indicated that in ovo feeding of 100 and above mg CHO/egg alleviated the growth depression and restored glycogen status of hatched chicks incubated under high temperature. These results suggest that the negative effects of high incubation temperature during the last stage of incubation are mostly related to the amount of available energy to the embryo. Low level of glycogen in the liver has been associated with a reduction in chick weight at hatch . The reduction in body weight of hatched chicks under a high incubation temperature may be related to the reduction in incubation duration and consequently the short time available for development (Lourens et al., 2007) and the use of egg protein as an energy source that resulted in lower protein deposition in the embryo (Molenaar et al., 2009) .
Results from the two trials (trial 2 vs. trial 1) indicated that older hens (35 vs. 29 weeks) produced heavier eggs and hatched chicks (CWT), and a lower liver glycogen concentration and glycogen index in the hatched chicks when compared with those of younger hens. Additionally, hatchability traits were not influenced by age of the hen. These observations were in agreement with Shafey (1996) , Peebles et al. (2000) , Silversides & Scott (2001) , Oloyo (2003) , Van den Brand et al. (2004) , Rizzi & Chiericato (2005) , Johnston & Gous (2007) who showed that the egg weight increased with the hens' age. Abiola (1999) observed a positive correlation between egg size and chick hatching weight. The higher weight of hatched chicks from large eggs is due to the surplus supply of nutrients and the size of the residual yolk sac at hatch when compared with those hatched from small eggs (Lourens et al., 2006) . The non significant effects of age of the flock (29 vs. 35 weeks) on hatchability traits were similar to those reported by Yilmaz-Dikmen & Sahan (2009) who found that hatchability of fertile eggs was similar between breeder flock ages of 28 and 45 weeks. The difference between glycogen levels of hatched chicks from different age groups of hens may indicate differences in their metabolic rate. Embryos from old hens produced more metabolic heat and CO 2 gas than those from young hens (O'Dea et al., 2004) suggesting differences in glycogen requirements. The lower glycogen level found in the hatched chicks from older hens would suggest a higher metabolic rate for embryos and consequently a higher glycogen requirement when compared with those of younger hens (O'Dea et al., 2004) . Lourens et al. (2006) showed that metabolic heat production of embryo from large egg (70 vs. 56 g) was greater than that of small egg during the last stage of incubation (15 -21 day).
Conclusions
It was concluded that high incubation temperature during the last stage of incubation (16 -21 day) and eggs from older hens negatively affected weight and glycogen status of hatched chicks without influencing hatchability traits and that of in ovo feeding of CHO improved the weight of hatched chicks. Whilst in ovo feeding of 100 and above mg CHO/egg alleviated the growth depression and restored glycogen status of hatched chicks incubated under high temperature.
